We present our diagnosis of the role massive stars play in the formation of low-and intermediate-mass stars in OB associations. In the bright-rimmed and comet-shaped clouds in both the Ori OB1 and Lac OB1 associations, there is compelling evidence of low-and intermediate-mass star formation dominated by the triggering process by the massive stars in the regions. The expanding ionization fronts from the O stars appear to have compressed nearby molecular clouds which are engraved and shaped into bright-rimmed or comet-shaped clouds. Implosive pressure on the surface layers then causes a cloud to collapse and prompts subsequent formation of stars, including low-and intermediate-mass stars. The triggering process may propagate through one cloud after another, and the majority of the stellar population in an entire OB association with a scale of tens of parsec may be formed in the sequence.
formation of massive stars and of low-mass stars? Does star formation in an OB association proceed in a bimodal manner for massive and for low-mass stellar groups? If so, which groups, low-or high-mass stars, would form first? Even a single O star has a profound influence on the surrounding molecular clouds. On the one hand, the radiation and energetic wind from the O star could evaporate nearby clouds and henceforth terminate the star-forming processes. On the other hand the O star may provide "just the touch" to prompt the collapse of the molecular cloud which otherwise may not contract spontaneously. Do massive stars play a decisively destructive or promotive role in sustaining the star formation in a molecular cloud? Herbig (1962) suggests that low-and intermediate-mass stars form first, but soon after O stars appear the cloud is disrupted to hinder any further star formation. Alternatively, Elmegreen & Lada (1977) and Lada (1987) propose that low-mass stars form first out of cloud fragments and are distributed throughout the entire molecular cloud. Once the O stars form, their expanding ionization fronts (I-fronts) play a constructive role to incite a sequence of star-forming actives in neighboring molecular clouds.
The Scorpius-Centaurus association as a consequence of triggered star formation is suggested by de Geus et al. (1989) . In their scenario, the Upper-Centaurus Lupus subgroup was formed first in the middle of the molecular cloud complex, and then prompted the star formation on both sides to become eventually the Upper-Scorpius and Lower-Centaurus Crux associations. Preibisch & Zinnecker (1999) propose a similar mechanism, but with a series of supernova explosions as the triggering sources.
In the Orion star-forming region, we have found (Lee et al. 2005 , hereafter Paper I) concrete evidence of triggered star formation in the bright-rimmed clouds (BRCs) in the vicinity of O stars. These BRCs are considered to be remnant molecular cloud(s) photoionized by a nearby luminous star. Observations in BRCs, B 35, B 30, IC 2118 , LDN 1616 , LDN 1634 , and Ori East indicate that only BRCs associated with strong IRAS 100 µm emission (tracer of high density) and Hα emission (tracer of ionization front) show signs of ongoing star formation. Furthermore, CTTSs are only seen between the O stars and the BRCs, with those closer to the BRCs being progressively younger, and there are no CTTS leading the I-fronts, i.e., within the molecular clouds. All these lend support to the scenario of sequential star formation by the radiation-driven implosion (RDI) mechanism (Bertoldi 1989; Bertoldi & McKee 1990 ) for which the I-fronts from an O star or a group of OB stars compress a nearby cloud until the density of the compressed region exceeds the critical value, thereby inducing the cloud to collapse to form stars (Paper I).
In this paper we extend the discussion to the Lac OB1 association and include intermediatemass young stars in our sample. The Lac OB1 association, with a distance of ∼360 pc (de Zeeuw et al. 1999) , is one of the nearest OB associations. Blaauw (1958) divides Lac OB1 into 2 subgroups, "a" and "b", based on stellar proper motions and radial velocities. The Lac OB1 occupies the sky region 90 Zeeuw et al. 1999 ) in which Lac OB1b centers at (l, b)=(97
• .0, -15
• .5) with a radius ∼5
• with the remaining for Lac OB1a. The Lac OB1b is about 358 pc away from us (de Zeeuw et al. 1999) and harbors the only O star (O9 V), 10 Lac, in the Lac OB1 association.
We describe in §2 the archive data and our spectroscopic and imaging observations used for this study. In addition to the Lac OB1 sources, some of the stars in Ori OB1 previously identified to be young star candidates in Paper I have been confirmed by spectroscopy. They are also presented here. In §3 we present evidence of triggered star formation in the BRCs in the Lac OB1 association. In §4 we discuss the star formation history in an OB association. The conclusions are summarized in §5.
DATA AND OBSERVATIONS

ARCHIVE DATA
CTTSs are young stellar objects characterized by their infrared excess. Usually CTTSs are spatially closer to a star-forming region than weak-line T Tauri stars (WTTSs) are, which are also pre-main sequence (PMS) stars but more evolved than CTTSs in terms of clearing of circumstellar disks. The CTTSs hence trace recent star formation. In Paper I, we have developed an empirical set of criteria to utilize the 2MASS Point Source Catalog (Cutri et al. 2003) to select CTTS candidates. In this paper, we apply the same procedure (e.g., 2MASS colors, good photometric qualities, and exclusion of extended sources) and include young intermediate-mass stars, HAeBe stars (Waters & Waelkens 1998) Table 1 shows the fields respectively in the Ori OB1 and Lac OB1 associations studied in this paper, including 7 BRCs, one comet-shaped cloud and two control regions. In addition to the 2MASS database, from which we select our CTTS and HAeBe candidates, we have also made use of survey data of the Hα emission (Finkbeiner 2003; Gaustad et al. 2001 ), E(B − V ) reddening (Schlegel et al. 1998) , IRAS 100 µm, and CO (Dame et al. 2001) emission to trace, respectively, the distribution of ionization fronts, cloud extinction, IR radiation, and molecular clouds with respect to the spatial distribution of our young star sample.
SPECTROSCOPIC OBSERVATIONS
Spectra of bright CTTS and HAeBe candidates were taken at the Beijing Astronomical Observatory (BAO) and at the Kitt Peak National Observatory (KPNO). At the BAO, lowdispersion spectra with a dispersion of 200Å mm −1 , 4.8Å pixel −1 , were taken with the 2.16 m optical telescope during 2003 October 31 to November 3, and during 2004 September 5-6. An OMR (Optomechanics Research, Inc.) spectrograph was used with a Tektronix 1024×1024 CCD detector covering 4000-9000Å. These spectra were used to confirm the young stellar nature (e.g., with H-alpha and other characteristic emission lines) of the PMS candidates selected on the basis of the 2MASS colors.
Medium-dispersion spectra were taken for a selected set of the sample stars with the KPNO 2.1 m telescope during 2004 January 2-5. The GoldCamera spectrometer, with a Ford 3Kx1K CCD with 15 µm pixels, was used with the grating #26new, which gives a dispersion of 1.24Å pixel −1 . These medium-dispersion spectra allowed us to identify the lithium absorption at 6708Å, the signature of a low-mass PMS star.
All the spectroscopic data were processed with standard NOAO/IRAF packages. After the bias and flat-fielding correction, the IRAF package KPNOSLIT was used to extract, and to calibrate the wavelength and flux of each spectrum. To check the legitimacy of our selection criteria, we also observed two control fields in addition to star-forming clouds. All the fields included in this study are summarized in Table 1 .
IMAGING OBSERVATIONS
The BRCs were imaged in 2004 November 3-8 using the 1 m telescope at Lulin Observatory in Taiwan (Table 2) . A PI 1300B (Roper Scientific) CCD camera was used, which has 1340×1300 pixels, each of 20 µm squared, yielding a ∼11 ′ field of view. The Hα (λ c =6563Å, ∆λ(FWHM)=30Å) images were taken for all BRCs. In addition, LBN 437 was observed with a [S II] (λ c = 6724Å, ∆λ(FWHM)=80Å) filter. For every target field tens of images were taken, each with an exposure time 120 to 300 s. The images were processed with standard procedures of bias, dark and flat-fielding corrections. Table 3 , 4, and 5 list respectively the CTTSs (plus some CTTS candidates), HAeBe stars, and non-PMS sources identified with our spectroscopic observations. Some of the CTTSs listed in Table 3 do not show lithium absorption, but exhibit other CTTS characteristics, e.g. Hα, Ca II, and/or forbidden [O I] and [S II] emission line(s) in their spectra. Since most of these spectra show veiling, their Li absorption line could have been veiled by their continuum radiation. We hence include them in the CTTS sample (Table 3) Table 3 (CTTSs) and Table 4 (HAeBe stars) are marked. The boxes are the regions where we present the Hα images in Fig. 3 . It is clear that the BRCs are outlined by the Hα emission (I-fronts). Some PMS stars are closely associated with the I-front structure. These stars are born by triggered star formation (Paper I), and the Trapezium or λ Ori is responsible for the formation of these stars. In B 30 and B 35, photoevaporative flows (Hester et al. 1996) stream out of the surfaces of BRCs, an outcome of interaction between the O star and the molecular clouds. Figure 4 displays the IRAS 100 µm, Hα and CO images of the Lac OB1 association. The PMS stars in Table 3 and Table 4 are again marked. The box indicates the region of LBN 437 in Figure 5 . LBN 437 is a comet-shaped BRC (Olano et al. 1994) . The HAeBe star, star 53 (V375 Lac), associated with this cloud is believed to be the exciting source of the parsec-scale HH outflow HH 398 (McGroarty et al. 2004 ) (see Figure 5 ).
OBSERVATIONAL RESULTS
TRIGGERED STAR FORMATION IN OB ASSOCIATIONS
A triggered star formation process has several imprints which can be observationally diagnosed: (1) The remnant cloud is extended toward, or pointing to, the massive stars.
(2) The young stellar groupings in the region are roughly lined up between the remnant cloud and the luminous star, (3) Stars closer to the cloud, formed later in the sequence, are younger in age, with the youngest stars at the interacting region (i.e., bright rims of the cloud), and (4) There are no young stars within the BRC. In particular, items (3) to (4) are noticeably in contrast to the case of spontaneous star formation which conceivably would not leave such distinguishing sequential and positional signposts.
In Ori OB1, several BRCs, namely B 30, B 35, Ori East, IC 2118, LDN 1616, and LDN 1634, evince star formation triggered by nearby massive stars. Each of these BRCs is as-sociated with strong IRAS 100 µm emission (Paper I), and clearly traced by H α emission (Fig. 3) . Evidence of triggered star formation by O stars and/or by superbubbles is also presented by Alcalá et al. (2004) and Stanke et al. (2002) in LDN 1616 and by Kun et al. (2001) 
In what follows, we present a similar study of the BRCs in Lac OB1. Combined with our previous results in Ori OB1, this reinforces the links among massive stars, BRCs, and the formation of low-mass stars. Furthermore, our young star sample now has expanded to include intermediate-mass young stars to render a more comprehensive understanding on the origin of stellar masses in an OB association.
STAR-FORMING ACTIVITIES IN LAC OB1
We present our studies of the only two regions with current star-forming activities in the Lac OB1 association, LBN 437, a BRC, and GAL 110-13, a comet-shaped cloud respectively.
LBN 437
LBN 437 is at the edge of an elongated molecular cloud (Olano et al. 1994 ) and on the border of the H II region S126, excited by the nearby O star, 10 Lac. There is a small stellar group (Fig. 6 ) located between 10 Lac and LBN 437, and containing 5 CTTSs (stars 35-38 in Table 3 , and another CTTS candidate 2MASS J22354224+3959566 which we do not have spectroscopic observation) and one HAeBe star (star 54 in Table 4 ). The HAeBe star is an IRAS source, IRAS 22343+3944. We identify IRAS 22343+3944 as the counterpart of star 54, because star 54 shows near-infrared excess and is located within the positional error of IRAS 22343+3944. Hereafter we call this 6-star system as the IRAS 22343+3944 group (Fig. 4) . The size of the IRAS 22343+3944 group is about 24 ′ , which corresponds to ∼ 2.5 pc at 358 pc.
Star 53 (V375 Lac) is the only young star located on the surface of LBN 437, and there is no CTTS or HAeBe candidate behind the interaction region. This is consistent with the triggered star formation diagnosis discussed above. For each molecular cloud we test if there is any PMS star located behind the I-fronts and embedded in the cloud by an estimate of the probability of stars which would have hidden from our detection limit of J = 15 mag from 2MASS data. We created the E(B − V ) map (Schlegel et al. 1998) for the cloud, and assumed the same J band luminosities for the embedded PMS stars as those for the visible PMS stars outside the cloud, the IRAS 22343+3944 group. The extinction is quite low in the molecular cloud and the nondetection probability is about 0.014. That means there are no PMS stars embedded in the molecular cloud and the formation of V375 Lac is the latest product in the star formation sequence by 10 Lac in this cloud.
The elongated cloud associated with LDN 437 (Fig. 4) may be just the remnant molecular cloud, originally perhaps larger and extending to as far as the position of 10 Lac. When 10 Lac was born out of the giant molecular cloud, its UV photons evaporated and compressed the cloud. That would shape the cloud into a pillar and then IRAS 22343+3944 group and V375 Lac were born in the compressed side of the molecular cloud. Because V375 Lac is the exciting source of an HH outflow, it is likely younger than the IRAS 22343+3944 system. We are manifested here the consequence of sequential star formation.
GAL 110−13
GAL 110−13 is an isolated and elongated molecular cloud (Fig. 7) at a distance of ∼ 440 pc (Odenwald et al. 1992) . Its head-tail or comet-like shape suggests compression by ram-pressure, perhaps as a result of a recent cloud collision (Odenwald et al. 1992) . Star formation takes place in the compressed side of the cloud, i.e., CTTS star 40 (BM And) and reflection nebula vdB 158 reflected light from the B9.5V star HD 222142 (Magakian 2003) . Besides HD 222142, there are two other late B-type stars in the vicinity, HD 222046 and HD 222086. All these three B stars and star 40 share common proper motions (Zacharias et al. 2004 , Second U.S. Naval Observatory CCD Astrograph Catalog (UCAC2)), which do not differ significantly from those for the Lac OB1 groups (ESA 1997), as summarized in Table 6 . GAL 110−13 is located near the border of the Lac OB1 association, with a distance from us not very different from that from Lac OB1 to us. Thus GAL 110−13, together with the young stars in it, is likely part of Lac OB1.
The GAL 110−13 has an elongation pointing toward 10 Lac (Fig. 4) . This implies that 10 Lac or Lac OB1b is responsible for shaping the cloud. Either shock fronts from a supernova or ionization fronts from a massive star could produce the shape of the cloud and the distribution of young stars in GAL 110−13. In the supernova scenario a star in Lac OB1b, more massive than 10 Lac, exploded. Assuming the Lac OB1b and 10 Lac are at the same distances (i.e., 358 pc) from us, it would take a few hundred thousand years for the supernova shock waves, with a speed about hundreds of km s −1 , to propagate the 126 pc separation to arrive, compress, and prompt the formation of stars within GAL 110−13.
On the other hand, compression by ionization fronts from a massive star is less destructive than a supernova explosion. We envision a scenario in which 10 Lac -which is still in existence now -was born at the edge of a molecular cloud, similar to that presented in Figure 4 , but with the cloud more extended toward 10 Lac. After its birth, 10 Lac soon ionized the surrounding molecular cloud and exposed itself immediately to intercloud medium. Assuming all the UV photons by 10 Lac shortward of the Lyman limit were used to ionize the intercloud medium, given the density of the intercloud material ∼ 0.2 cm −3 (Spitzer 1998; Dyson & Williams 1997) , the I-fronts would travel the 126 pc distance from 10 Lac to GAL 110−13 in about 2 Myr, a time scale shorter than the main sequence life time of 10 Lac, which as an O9 V star is about 3.6 Myr (Schaerer & de Koter 1997) . No matter which scenario is correct, a supernova shock front or an I-front, Lac OB1b is likely responsible for the creation of the GAL 110−13 cloud and the associated stellar group. Odenwald et al. (1992) derive a 30% star formation efficiency for GAL 110−13. This is much higher than that of a few percent typically in star-forming regions (White et al. 1995) . The extinction is low in GAL 110−13, A J less than 0.48 mag, as estimated from its E(B − V ) values (Schlegel et al. 1998) , so the cloud is insufficient to hide any embedded young stars similar to star 40 from our detection. As in the case in Ori OB1 (Paper I), the BRCs in Lac OB1 also tend to have relatively low dust extinction. Such a low density condition is unfavorable for spontaneous cloud collapse. Star formation however may take place efficiently at the interaction layer (the bright rim) of a molecular cloud, from which a stellar group could form, as witnessed in the IRAS 22343+3944 and GAL 110−13 groups. Blaauw (1964) derives the age for Lac OB1a and Lac OB1b to be 16 and 12 Myr, respectively. Both these ages are too old to be consistent with the existence of 10 Lac (age about 3.6 Myr) and the CTTSs (typical ages of a few Myr) in the region. Lac OB1a and Lac OB1b could not have formed at the same place and at the same time because, with a typical velocity dispersion of a few kilometers per second for an OB association (de Zeeuw et al. 1999) , the two subgroups could not traverse the distance of 30-80 pc now between them. We propose that both Lac OB1a and Lac OB1b are no more than a few Myr old, and Lac OB1a is younger than Lac OB1b. Figure 8 shows the color-magnitude diagrams, reconstructed from de Zeeuw et al. (1999) , for the two subgroups, in which the stars in Lac OB1b are seen to form a clear main sequence, whereas those in the subgroup Lac OB1a are much scattered to the right of the sequence. That implies that some stars in Lac OB1a are still in the PMS phase, and therefore that Lac OB1a is younger than Lac OB1b. It could be that Lac OB1b was formed first and subsequently initiated the formation of stars in Lac OB1a.
STAR FORMATION HISTORY IN OB ASSOCIATIONS
HAeBe stars seem to distribute spatially within a BRC differently from CTTSs do, in the sense that CTTSs are located near the surfaces of BRCs, whereas HAeBe stars appear to reside preferentially inside BRCs, e.g., stars 45 in B 30 and star 53 in LBN 437. This result may probably reflect star formation environment, e.g. density, can affect the masses of new born stars.
In both Ori OB1 and Lac OB1, we see consistent evidence of triggered star formation. The UV photons from an O star create expanding I-fronts which evaporate and compress nearby molecular clouds, thereby shaping the clouds into BRCs or comet-shaped clouds. Next-generation stars could be formed, perhaps in groups, out of the compressed material with high star formation efficiencies. The newly formed stars would line up, in an age and formation sequence, between the massive star and the molecular clouds. In our sample (Table 4 ) stars as massive as late Herbig Be types could form in this process. These stars will reach the main sequence with even earlier spectral types. Triggered star formation may produce therefore not only low-mass stars, but also intermediate-mass stars. The process hence may be propagating though a giant molecular cloud, and an entire OB association on a scale of tens of parsec could be brought about (Figure 9 ). Elmegreen & Lada (1977) propose different formation mechanisms for massive stars and for low-mass stars. In their scenario massive stars form in the shocked cloud layer by triggering, and low-mass stars form spontaneously throughout the cloud. Our observations in both Ori OB1 and Lac OB1 do not show such separate spatial distributions for low-mass and massive stars. At the BRC stage, it appears that low-mass stars are seen at the shocked layer and more massive stars form in the inner and denser parts of a cloud. As the I-fronts progress, eventually the remnant cloud is dispersed, and stars of different masses would remain in the same volume.
CONCLUSIONS
We select CTTSs and HAeBe stars based on 2MASS colors in Ori OB1 and Lac OB1 associations. These PMS stars are utilized to trace recent star-forming activities. This paper concentrates on star formation in one comet-shaped cloud, GAL 110−13 and 7 BRCs, B 30, B 35, IC 2118 , LDN 1616 , LDN 1634 The spatial distributions of CTTSs and of HAeBe stars in an OB association appear to be different. These young stars line up between massive stars and comet-shaped clouds or BRCs, with the youngest stars found near the cloud surfaces. No PMS stars exist far behind the I-front. This result implies that triggered star formation dominates the birth of low-and intermediate-mass stars in the peripheral regions of an OB association. We propose the scenario that O stars are formed in a giant molecular cloud first, and their Lyman continuum photons create expanding I-fronts which evaporate and compress nearby clouds to form BRCs or comet-shaped clouds, thereby inducing star formation. It is possible that an OB association on a scale of tens of parsec could be formed by this kind of sequence of triggered star formation.
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